ABSTRACT. Water stress experienced by a wheat crop during growth is recognized to have accumulative effect stated as a decline in total biomass over well water potential. The yield and nutrient uptake performance of two wheat (Triticum aestivum L.) varieties (Pirsabak-2013 and Atta Habib) to foliar feeding of 2% potassium (K) at three various growth phases (Zadoks GS-22, Zadoks GS-60 and Zadoks GS-73) was explored under water restricted environment in a wire house trial at the Agriculture Research Station, Harichand, Charsadda. The target was to find out the preeminent K application stage for enhancement in the drought tolerance potential. Drought stress was generated by suppression of irrigation at the three growth phases and then K was sprayed with the carboxymethyl cellulose as a sticking agent, however Tween-20 was used as a surfactant for foliar spray. Data about several agronomic characters (plant height, spike length, number of spikelets per spike, number of grains per spike, 1000-grain weight and grain yield per plant) of crop were documented via standard techniques.
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Moreover, at maturity, aboveground nitrogen, phosphorus, K, sodium and calcium uptakes by the crop were determined. The results point out that drought stress at all three acute growth phases unfavorably affected plant height, spike length, number of spikelets per spike, number of grains per spike, 1000-grain weight, grain yield and nutrient uptake of the wheat plant. The exogenous K application under drought stress at all three acute growth phases boosted tolerance of wheat by decreasing noxious nutrient's uptake and augmenting the yield and yield characters. In this concerns, both varieties exposed undeviating behavior. Extreme enhancement in all the documented yield parameters and nutrients uptake was attained when K was practiced at grain filling stage of both varieties.
INTRODUCTION
Drought is known to be the most overwhelming abiotic stress factor affecting growth and performance of different crops. As compared to other environmental stresses, drought is adversely reduced the crop productivity (Pennisi, 2008; Farooq et al., 2008) . However, related to drought stress, many techniques have been reported. Drought stressed plant illustrate numerous physiological, biochemical and molecular adaptations to blossom under water stress (Arora et al., 2002) . Longer spells of drought mostly occur in arid and semi-arid environments, as compared to other factors, which results in decline in crop yield and development (Ashraf et al., 1995) . It has now become the well-known fact that yield of wheat is diminished by water stress irrespective of the growth stage at which the drought occurs. When plant agonize from water stress the decline in production and impaired growth of crop are caused (Farooq et al., 2008) . Perception about drought tolerance is one of the most indistinct in literature (Blum, 2005) .
Several mechanisms of tolerance have been developed, several of which are: the dehydration tolerance level via genetic engineering procedures under laboratory situations (Jenks et al., 2007; Nelson et al., 2007) , reclamation of reactive oxygen species under condition of stress (Zhu et al., 2007; Yang et al., 2003) and assisting the drought avoidance mechanism with hormonal stability (Rivero et al., 2007) .
Several adaptation mechanisms in the plants have been established under stress condition to persist under hostile conditions. Nutritional position of the plants is the sign of its feedback to environmental stress. K boosted drought tolerance in plants by extenuating detrimental effects by elevating translocation and by keeping water stability. When nutrients are applied foliarly crop take it easily and as a consequence yield is increased (Arif et al., 2006) . By showering K, the detrimental effect of drought on the growth of wheat can be decreased, this K is translocated to the all parts of the plant, as a consequence yield of crops can be increased (El-Ashry et al., 2005) . Potassium plays a significant role in osmoregulation, photosynthesis, transpiration, opening and closing of stomata and protein synthesis etc (Milford and Johnston, 2007) . When K is not applied appropriately, the yield and growth of crops are diminished (Hermans et al., 2006) . Plant suffering from water stress required more internal K (Cakmak, 2005) . Yield restricting effect of water stress might be overwhelmed by elevating K supply (Damon and Rengel, 2007) . ROS formation was induced during drought stress and oxidative injury to cells happened and K requirement was augmented (Foyer et al., 2002) . This improved need for K by plants distressing from drought stress exhibited that K is obligatory for photosynthetic and CO 2 fixation, because water scarcity caused stomatal cessation and declined the CO 2 fixation. Carbohydrate metabolism was disturbed due to the increased ROS production, caused by impairment in photosynthesis (Jiang and Zhang, 2002) . Mengel and Kirby (2001) documented that disturbance in stomatal opening under water stress induced ROS production due to low K concentration. By increasing K supply stumpy grain yield due to water stress can be overwhelmed (Damon and Rengel, 2007) .
The purpose of current work was to assess the promising role of K applied on wheat foliage at various growth stages under drought, in alleviation of stress in terms of yield and nutrients uptake.
MATERIALS AND METHODS
The role of foliar potassium in alleviating the impact of drought on nutrient uptake and yield characters of wheat cultivars was orchestrated in pots (screen house) (Pirsabak-2013 and Atta Habib) and seven foliar K application and drought introduction schedules viz., K 0 (No water stress no K spray), K 1 (water stress at Zadoks GS-22 without K spray), K2 (water stress at Zadoks GS-22 with K pray), K3 (water stress at Zadoks GS-60 without K spray), K4 (water stress at Zadoks GS-60 with K spray), K5 (water stress at Zadoks GS-73 without K spray), K6 (water stress at Zadoks GS-73 with K spray). Pots were filled from 7 kg of soil and in each pot twelve seeds were sown and consequently the suggested doses of N and P (120 g pot -1 ) was practiced. The plants were thinned to five plants per pot after 15 days of germination. The water stress was generated by withholding irrigation at various growth phases and then potassium at the rate of 2% was showered. Cellulose gum (5%) solution was used as a sticking agent, while surfactant for foliar spray Tween-20 (0.2%) solution was practiced.
The trial was carried out in completely randomized design (CRD) with factorial arrangement having three repeats. Using standard methods data on different growth and yield attributes (plant height, grains number per spike, length of spike, 1000-kernel weight and grain yield per plant) were compiled.
Nutrient uptake
The plant's shoot material with leaves at maturity was dried in oven at 75 0 C and crushed in Wiley Micro Mill to pass easily through a sieve of 2 mm. The dried crushed material (0.5 g) was absorbed in sulphuric acid and hydrogen peroxide (Wolf, 1982) . The absorbed samples were read on flame photometer to find out sodium (Na), Ca and K. An ordered series of standards of these ions were prepared and standard curves was drawn. From standard curve of each ion the concentration of Na, Ca and K in plant samples from flame photometer were determined. Micro-Kjeldhal's method was used for estimation of total N content (Bremner, 1965) . Spectrophotometer was used for estimation of total P content.
Statistical analysis
Treatment impacts on yield characters and nutrient uptake was analyzed using Fisher's analysis of variance technique and difference between the treatments means were compared using LSD test at 5% probability (Steel et al., 1997) .
RESULTS

Agronomic traits
The data analyzed for plant height of wheat depicted significant impact of water stress and potash spray. Though tallest plants were noted in K0 (no water stress and no K spray), nevertheless it was statistically comparable with K5 (water stress at grain filling phase without K spray) and K6 (water stress at grain filling phase with K spray), where crop encountered water stress at grain filling phase with or without K spray. The data illustrated that water stress significantly diminishes the height of plants when it was established either at tillering stage or booting stage and potash spray bettered this adverse effect to a substantial level, when sprinkled at tillering stage. The cultivars also varied with respect to plant height, recording more in Pirsabak-2013 over Atta Habib. Furthermore, interaction between varieties (V) and foliar feeding of potash (K), V x K, was also notsignificant on plant height of wheat. Water stress vs. no water stress was significant orthogonal contrast.
Wheat crop yield potential is expressed by its spike length. Higher number of grains per spike is owed to lengthy spike. The scrutinized data ( Table 1 ) about spike length demonstrated that drought stress critically affected the spike length. Lengthy spikes were documented from well watered control (K0), whereas minimum spike length was documented when crop encountered water stress at flowering (K3); nevertheless, it was comparable with that when crop confronted water stress at vegetative phase (K1). Foliar feeding of K under drought expressively enhanced the spike length, when it was showered either at vegetative (K2) or at flowering phase (K4), but it failed to enhance it when it was practiced at grain filling phase (K5 vs. K6). Varieties also varied considerably with respect to spike length;
Pirsabak-2013 produced lengthy spikes than Atta Habib. Interaction among varieties (V) and applications of potassium (K), V x K, was insignificant ( Table 1) .
Number of spikelets per spike has the dynamic rank in the production potential of a crop. Water scarcity badly affected the number of spikelets per spike. Fewer number of spikelets per spike was achieved when water shortage happened at flowering over vegetative phase. Foliar feeding of K under drought enhanced the number of spikelets per spike. The evaluated data ( Table 1 ) point out that uppermost number of spikelets was taken at K0 (no drought, no spray), nonetheless it was at similarity with that when plants were showered with K under drought at grain filling phase (K6) or at vegetative phase (K2). The enhancing effect of K feeding (on drought stressed crop) was insignificant at flowering phase (K3 vs. K4). Varieties did not diverged considerably with respect to the spikelets per spike. The interactive effect among varieties and K was also insignificant ( Table 1) . Means not carrying the similar letters within a column vary significantly at 5% probability. * = significant; NS = non significant
Number of grains per spike has the vibrant position in the production potential of any crop and play vigorous role in the profitable yield of the crop. Drought stress severely affected the number of grains per spike. Both meaningful orthogonal contrasts, i.e. drought vs. no drought and K spray vs. no K spray were significant. Fewer number of grains per spike was perceived when water shortage happened at flowering phase. Potash spray under drought at all growth phases of wheat upgraded the hostile effects of stress by enhancing the number of grains per spike to a noteworthy level. Amongst numerous treatments, K6 (drought at grain filling stage with K spray) exhibited number of grains per spike, statistically analogous to the control (K0), ( Table 1) . The varieties and their interaction with application of K were insignificant.
The 1000-grain weight is an imperative factor donating towards the concluding yield of wheat. The scrutinized data (Table 1) exposed that the drought stress had noteworthy effect on 1000-grain weight. External application of potassium considerably enhanced the 1000-grain weight. The crop formed densest grains when it confronted no water shortage at any growth phase (K0), nevertheless it is at similarity with K1 (no spray of K and drought at vegetative phase), K2 (spray of K under drought at vegetative phase) and K6 (spray of K under drought at grain filling phase) and lowermost grain weight was formed when crop agonized with water stress and no K was sprayed at grain filling (K5). The varieties presented insignificant reaction. Interaction among varieties (V) and external applications of potassium (K), V x K, for 1000-grain weight was also non-significant. Meaningful orthogonal contrasts viz. drought vs. no drought and K spray vs. no K spray were significant in terms of 1000-grain weight.
The concluding grain yield is the countenance of the effects of numerous yield components established under the specific set of environmental situations. Data ( Table  1 ) point out that water stress desperately affected the grain yield (per plant). Considerably utmost grain yield was achieved when crop was grown with normal irrigations, K0 (no water stress). Drought executed at any phase (K1, K3 and K5) considerably declined grain yield and foliar feeding of K at any phase failed to recover this scarcity. Though, evaluation of K1 vs. K2 (drought at vegetative phase with K spray vs. drought at vegetative phase without K spray), K3 vs. K4 (drought at flowering phase with K spray vs. drought at flowering phase without K spray) and K5 vs. K6 (drought at grain filling phase with K spray vs. drought at grain filling phase without K spray) point out that foliage applied K under drought at any serious crop growth phase considerably augmented wheat grain yield. Linking the effectiveness of K spray at diverse growth phases (K2 vs. K4 vs. K6) point out that augmented grain yield was documented when K was practiced under stress at grain filling phase (K6). Amongst all the treatments means, slightest grain yield was noted in K3, when crop confronted drought at flowering phase without K spray; nevertheless, it was at similarity with K1 (drought at vegetative phase without K spray). The varieties exhibited insignificant reaction. Interactive effect of varieties (V) and foliage applied potassium (K), V x K, on grain yield was insignificant. Meaningful orthogonal contrasts of drought vs. no drought was significant whereas that of K spray vs. no K spray was not-significant ( Table 1) .
Nutrient uptake
The contrasts (drought vs. no drought) expressed it clear that drought considerably influenced nutrients uptake by wheat ( Table 2) and K foliage application under drought enhanced most of these attributes. The composed data concerning N, P, K, Ca and Na uptake ( Table 2 ) point out that both the varieties Pirsabak-2013 and Atta Habib exhibited constant behavior to the K feeding. The foliage applied K on wheat varieties upgraded the drought tolerance in the plants. Means not carrying the similar letters within a column vary significantly at 5% probability. * = significant; NS = non significant Amongst drought treatments, higher enhancement in all the documented growth, yield and nutrient uptake parameters was attained when K was practiced at grain filling phase (K6) over other critical phases ( Table 2) . While crop got maximum value for all the characters in control treatment (no drought); nonetheless, it was at similarity with the treatment when crop challenged drought at grain filling phase, but K was used. Nutrient uptake is foremost factor donating to the concluding yield of the crop. Well watered plants (K0) exhibited the utmost P and Ca uptake, whereas N, K and Na uptake were the lowermost in this case ( Table 2) . Drought generated at most of these phase (K1, K3 and K5) considerably abridged P and Ca uptake, whereas augmented the N, K and Na concentrations.
Nevertheless, comparison of K1 vs. K2, K3 vs. K4 and K5 vs. K6 exposed that foliage applied K at any precarious crop growth phase considerably augmented wheat N, P, K and Ca uptakes and declined Na uptake. Linking the effectiveness of K spray at diverse growth phases (K2 vs. K4 vs. K6) point out that nutrient uptake was affected supreme, when K was practiced under water stress at grain filling phase (K6).
DISCUSSION
Water shortage is a common abiotic stress badly distressing crop production; meaningful orthogonal contrasts of drought vs. no drought (Table 1) established the same. Our work perceived that foliage applied K to wheat plant under water discrepancy condition on either growth phase (vegetative, flowering or grain filling) boosted crop growth and expansion.
In current study, plant height was diminished under water scarcity condition; similar was described by Khan et al. (2001) . Water shortage, either at vegetative or at flowering phase diminished the plant height; nevertheless, relatively more hostile effect was perceived at flowering phase (14.34%). Plant height might be declined due to desiccation of protoplasm; diminution in relative turgidity related with turgor injury and declined cell extension and cell separation (Hussain et al., 2008) . During vegetative phase, the growth is that of the leaves and tillers primarily, whereas the stem extends very gradually and it increases its supreme height at the time of beginning of floral commencement, a probable reason for much abridged plant height with drought at flowering phase over at vegetative or grain filling. It was stated by Zhao et al. (2006) that drought affected plant height due to hormonal discrepancy (cytokinin, abscisic acid), that affected growth due to deviations in the cell wall extensibility. The contrary effect of water stress may possibly also be diminished by augmenting the accessibility of water to the plant owed to lessening in transpiration by fractional cessation of stomata (Alfredo and Setter, 2000; Hoad et al., 2001) . It has been proposed that plants mineral nutrient position plays a vital role in enhancing the resistance of plant to stress situations (Yadav, 2004) . Of the mineral nutrients, potassium plays a crucial role in enhancing the plant tolerance to stress situations. For several physiological processes, such as stimulation of enzymes, photosynthesis, preservation of turgescence, translocation of photosynthates, K is indispensable element (Mengel and Kirby, 2001) . The external application of K enhanced the plant height. It was found more operative in swelling the plant height when sprayed under drought at vegetative phase (8.19%) than at flowering (1.3%) or grain filling stages (1.98%).
Spike length, number of spikelets per spike, number of grains per spike, 1000-grain weight and grain yield were rigorously affected under drought stress at any growth phase (tillering, flowering and grain filling). More abridged spike length (25.52%), number of spikelets per spike (23.31%) and number of grains per spike (37.93%) was documented when drought stress was enforced at flowering phase. The 1000-grain weight and grain yield were demonstrated to be sensitive under drought at both phases (flowering and grain filling); nevertheless, drought stress at grain filling abridged these two traits to a larger level (39.54 and 57.56% over control, respectively). Giunta et al. (1993) described that the spike length was badly affected by water shortage among stem elongation and spike establishment phase. The declined spike length at anthesis is due to less number of nodes and fewer node to node distance on the rachis (data not presented). Furthermore, it was also perceived by Yadav et al. (2004) , that under environmental stress situations the spike length remains constant. Small canopy was established when crop encountered water stress earlier grain filling or at flowering phase (Hammadeh et al., 2005) , that can be enhanced by augmenting plant's stress tolerance by CMS (cell membrane stability) (Daneshian et al., 2005) . The diminution in number of spikelets per spike at flowering phase was uppermost; it could be due to compact root growth approximately the time of spike establishment, that ensued in compact nutrient uptake. Taiz and Zeiger (1991) stated that compact number of spikelets per ear could be due to inadequate photosynthetic activity earlier spike emergence as spikelets per spike are determined earlier spike emergence Drought stress at flowering or grain filling phase badly affected the plant production by triggering severe diminution in number of grains per spike (Rad et al., 2005; Nasri, 2005) . Richards et al. (2001) also described that the numbers of grains per spike were diminished badly under water stress.
The flowering phase ascertained to be the most profound to water shortage and formed the diminished number of grains per spike (Dejan et al., 2002) and fewer number of flowers to the set seed. The compact number of grains might be due to little number of spikelets per spike and spike length (Plaut et al., 2004) under drought. Diminished 1000-grain weight was described by Plaut et al. (2004) under drought at flowering phase due to less proficient and distressed nutrient uptake and restricted photosynthetic transformation within the plant, which accelerated maturity generating desiccated kernels. Drought stress, whichever at vegetative or flowering phase, noticeably dwindled grain yield and yield constituents in wheat (Nasri, 2005 ). Plant's fresh and dry biomass abridged under water shortage situations (Zhao et al., 2006) . It was described by Manivannan et al. (2007) in sunflower and by Sankar et al. (2007) in lady finger (bhindi), that fresh weight and dry weight of crop plants abridged under drought stress. This declined biomass may possibly generate the syndrome in the remobilization of the assimilates from source to mature grain (sink), that ensued in diminutive and desiccated kernel or it could be due to distressed grain growth configuration or its inappropriate position among and within the spikelets under drought stress displaying assimilate restriction (Yang et al., 2003) . Drought declined plant yield constituents (Anjum et al., 2011) , particularly grain weight (Nasri, 2005) . This diminution was due to abridged production of photosynthates under water shortage situations (Anjum et al., 2003; Wahid and Rasul, 2005) . The loss in kernel weight and number may possibly also be due to water stress situation (Setter et al., 2001) . More compact 1000-grain weight was perceived when water shortage happened at anthesis phase over at vegetative phase (Brevedan and Egli, 2003; Sinaki et al., 2007) . The diminution in yield constituents was supreme due to drought at flowering phase (Saleem, 2003) . Gupta et al. (2001) also witnessed diminished grain yield per plant due to drought stress at flowering phase. Drought abridged photosynthesis and eventually resulted in compact 1000-grain weight, grain yield, number of grains per spike and other yield donating components (Foulkes et al., 2001; O'Connell et al., 2004; Brisson and Casals, 2005) . Weight per 1000 grains under drought stress can be upgraded by elevating plants stress tolerance (Liu et al., 2005) . Lighter 1000-grain weight was perceived when drought was enforced at anthesis phase over at vegetative phase (Brevedan and Egli, 2003; Sinaki et al. 2007) .
Normal prerequisite number of irrigations is obligatory for ultimate crop growth and production, but when there is inadequate water accessible, it is obligatory to recognize growth phase of the crop where irrigation might be avoided with slightest loss in grain yield. Concluding grain yield of wheat depends on its proficient use of water (Sun et al., 2006) . Normal water at flowering augmented photosynthetic rate and also heightened duration of grain filling (Zhang et al., 1998) . Due to water stress at heading abridged weight of 1000-grains was stated by Royo et al., (2000) .
Exogenous K application on wheat plants under drought diminished the deleterious effects of water scarcity. In the current study, foliage applied of K upgraded the grain yield and other yield traits. The foliage applied K was more operative at flowering phase under water stress over other phases and upgraded the spike length and number of grains per spike by 15.82% and 26%, correspondingly. While foliar feeding of K at grain filling phase was more operative in lessening the hostile effect of water scarcity on number of spikelets per spike, 1000-grain weight and grain yield and upgraded these by 9.76%, 36.84% and 50.03%, respectively. This upsurge in number of grains per ear by exogenous K application was due to upsurge in number of spikelets and comparable reaction was perceived in wheat, where photosynthesis and root respiration augmented grain yield under drought (Liu et al., 2005) . It was point out by numerous investigators that potassium played a strategic role in the osmotic adjustment (stomatal opening) of plants under water stress and yield could be upgraded due to foliar potassium feeding to plants (Foyer et al., 2002) .
Drought stress affected the crop growth and development considerably by affecting the physiological and biochemical traits triggering diminution in the concluding yield of wheat. Foliar feeding of K to wheat under water shortage situation on either growth phase (tillering, flower initiation and grain filling) considerably affected nutrients uptake of both wheat cultivars.
Nutrients (N, P, K, Ca and Na) uptake in the plant was noticeably affected by the drought stress. Under drought stress the concentration of N, K and Na augmented. Uppermost N (28%) and Na (32%) contents were perceived in plants where drought stress was enforced at grain filling phase, whereas uppermost K uptake (Sarwar et al., 1991) . During K insufficiency, ion is conveyed from older leaves to the younger leaves and then to meristematic areas due to great movement of K (Wignarajah, 1995), thus plants could have accrued K contents in emerging ears for osmotic adjustment, so abridged K contents were perceived in straw at maturity because awns comprise chloroplasts and stomata and can photosynthesize (Arnon, 1972) . Augmented Na concentration in plants (due to drought) could cause ion injuriousness; with the application of K ion harmfulness may possibly be abridged because K is involved in osmotic regulation, preservation of cell turgor pressure and can effectually contend with Na (Ashraf and Foolad 2005). Under augmented drought stress K contents augmented as described by Ashraf (1998) and Khondakar et al. (1983) . Exogenous K application abridged the hostile effect of drought by decreasing the extreme uptake of Na by the plant under drought. Foliar applied K sustained the turgor pressure and interior water equilibrium of the leaves. Exogenous K spray on plants under drought at grain filling phase was most operative and it diminished the uptake of Na by 23% and augmented the uptake of N and K by 10 and 24%, respectively.
Water shortage has resilient detrimental effect on the plants and it declined the uptake of P and Ca by plants. Declined P and Ca (62 and 34%, respectively) uptake was documented in the plants, where drought was generated at flower commencement and at tillering phase, respectively. Water stress has the hostile effect on P uptake, that has diminished with declining soil moisture in wheat genotypes (Ashraf, 1998) and similar reaction was described by Turner (2001) in pepper. P paucity performed in little to judicious level of drought stress (Alam, 1994) . Kidambi et al. (1990) perceived no effect of water stress on P uptake. On the other hand, greater P uptake in wheat plants was described under water stress by Khondakar et al. (1983) . Foliar feeding of K upgraded the hostile effect of drought on plants and enhanced the uptake of P by 37% and Ca by 19% in plants under water shortage at grain filling phase
CONCLUSION
Water shortage at any critical crop growth phase rigorously controlled the growth, yield and nutrient uptake of wheat. Foliar feeding of K at all critical phases enhanced all the yield attributes and nutrient uptake, but declined Na uptake, grain filling phase being quick to respond. All these conclusions lead us to endorse that for wheat crop under drought farmers would spray the crop with 2% K to diminish the deleterious effect of drought. This can have a twofold advantage: by enhancing the physiological performance of wheat and quantity of K nutrient to plants. wheat cultivars at different stages.
